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(54) ELECTROMAGNETIC FUEL INJECTION VALVE AND METHOD OF MANUFACTURING THE 
SAME 



(57) In an electromagnetic fuel injection valve in 
which a non-magnetic cylinder Is coaxially coupled at its 
front end to a rear end of a magnetic cylinder forming a 
portion of a valve housing to surround a portion of a mov- 
able core having a rear end face serving as a movable 
attraction face, and a stationary core having a front end 
face serving as a stationary attraction face is fitted and 
fixed at its front portion in a rear portion of the non-mag- 
netic cylinder, so that the stationary attraction face is op- 
posed to the movable attraction face, the stationary core 
(22) is fitted and fixed at its front portion in the non-mag- 
netic cylinder (26). so that it is in close contact with an 



inner surface of an intemiediate portion of the non-mag- 
netic cylinder (26) in a region corresponding to the sta- 
tionary attraction face (42), and an annular recess (44) 
having a flat portion (44a) flush connected to the station- 
ary attraction face (42) is provided in an inner surface of 
the non-magnetic cylinder (26) to forni an annular cham- 
ber (45) between the annular recess (44) and an outer 
periphery of a rear portion of the movable core (1 8). This 
makes it possible that the area of opposed faces of the 
stationary core and the movable core is set at a large 
value to the utmost, thereby preventing the accumulation 
and deposition of chips and a magnetic powder 
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Description 

TECHNICAL FIELD 

[0001 1 The present Invention relates to an electromag- s 
neticfuel injection valve, in which a valve member is con- 
tained In a valve housing comprising a magnetic cylinder 
coaxially coupled at a front end thereof to a valve seat 
member having a valve seat, the valve member being 
spring-biased in a direction in which the valve member io 
is seated on the valve seat; a non-magnetic cylinder is 
coaxially coupled at a front end thereof to a rear end of 
the magnetic cylinder to surround a portion of a movable 
core which is coaxially connected to the valve member 
with a rear end face thereof serving as a movable attrac- is 
tion face; and a front portion of a stationary core having 
a front end face serving as a stationary attraction face is 
fitted into and fixed in a rear portion of the non-magnetic 
cylinder, so that the stationary attraction face is opposed 
to the movable attraction face, and a process for produc- 20 
ing such an electromagnetic fuel injection vaive. 

BACKGROUND ART 

[0002] There is an eiectromagnetic fuel injection valve 25 
already known from, for example, Patent Document 1 , 
wherein a non-magnetic cylinder is coaxially coupled to 
a rear end of a magnetic cylinder fonning a portion of a 
valve housing, and a front portion of a stationary core is 
fitted into and fixed In a rear portion of the non-magnetic 30 
cylinder. 

Patent Document 1: 

Japanese Patent Application Laid-open No. 
11-166461 35 

DISCLOSURE OF THE INVENTION 



PROBLEMS TO BE SOLVED BY THE INVENTION 
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[0003] In the above conventional electromagnetic fuel 
injection valve, a tapered chamfer is provided around an 
outer periphery of the front end of the stationary core in 
order to improve the operability for fitting the front portion 
of the stationary core into the rear end of the non-mag- 45 
netic cylinder, and such chamfer is left as it is, after com- 
pletion of the assembling. However, it is desired to set 
the area of opposed faces of the stationary core and the 
movable core at a large value to the utmost in order to 
reduce the size of the fuel injection valve, but if there is so 
the chamfer fornied around outer periphery of the front 
end of the stationary core, as described above, such area 
may be reduced, whereby a sufficient attraction force is 
not obtained in some cases. Moreover, an annular 
groove is fonned by the chamfer between the non-mag- 55 
netic cylinder and the stationary core and thus, there is 
a possibility that chips and a magnetic powder may enter 
the annular groove to become deposited therein, and 



even if a removal cleaning is conducted, the chips or 
magnetic powder are not removed completely to exert 
an adverse influence to the operation of the fuel injection 
valve. 

[0004] The present Invention has been accomplished 
with such circumstances in view, and it is a first object of 
the present invention to provide an electromagnetic fuel 
injection valve, wherein the area of the opposed faces of 
the stationary core and the movable core can be set at 
a large value to the utmost and moreover, it is possible 
to prevent the accumulation and deposition of the chips 
and the magnetic powder. It is a second object of the 
present invention to provide a producing process suitable 
for producing such an electromagnetic fuel injection 
valve. 

MEANS FOR SOLUTION OF PROBLEMS 

[0005] To achieve the above first object, according to 
a first aspect of the present invention, there is provided 
an electromagnetic fuel injection valve, in which a valve 
member is contained in a valve housing comprising a 
magnetic cylinder coaxially coupled at a front end thereof 
to a vah/e seat member having a valve seat, the valve 
member being spring-biased in a direction in which the 
valve member is seated on the valve seat; a non-mag- 
netic cylinder is coaxially coupled at a front end thereof 
to a rear end of said magnetic cylinder to surround a 
portion of a movable core which is coaxially connected 
to the valve member with a rear end face thereof serving 
as a movable attraction face; and a front portion of a 
stationary core having a front end face serving as a sta- 
tionary attraction face is fitted into and fixed in a rear 
portion of the non-magnetic cylinder, so that the station- 
ary attraction face is opposed to the movable attraction 
face, characterized in that the front portion of the station- 
ary core is fitted and fixed in the non-magnetic cylinder 
so as to be in close contact with an inner surface of an 
intermediate portion of the non-magnetic cylinder in a 
region corresponding to the stationary attraction face, 
and an annular recess having a flat portion flush con- 
nected to the stationary attraction face is provided in the 
inner surface of the non-magnetic cylinder to form an 
annularchamber between the annular recess and an out- 
er periphery of the rear portion of the movable core. 
[0006] According to a second aspect of the present 
invention, in addition to the arrangement of the first as- 
pect, a center bore having an inside diameter larger than 
an outside diameter of the stationary attraction face is 
provided in an inner periphery of the non-magnetic cyl- 
inder at a location in front of the annular recess; a guide 
bore is provided in an inner periphery of the magnetic 
cylinder and flush connected to the center bore; and a 
guide portion is integrally provided on the movable core 
having at a rear end face thereof the movable attraction 
face having an outside diameter substantially equal to 
that of the stationary attraction face to overhang side- 
ways from the outer periphery of the movable attraction 
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face, so that the guide portion is slidably fitted in the guide 
bore. 

[0007] To achieve the above second object, according 
to a third aspect of the present invention, there is provided 
a process for producing an electromagnetic fuel Injection 5 
valve according to the first aspect, comprising a step of 
preparing a cylindrical magnetic cylinder blank and a non- 
magnetic cylinder blank forfomning the magnetic cylinder 
and the non-magnetic cylinder, respectively, as well as 
a stationary core blank having a chamfer around the outer fo 
periphery at a front end thereof forfomning the stationary 
core; a step of fixing the stationary core blank to the non- 
magnetic cylinder blank in a state in which a front portion 
of the stationary core blank has been fitted so as to be 
in close contact with an inner surface of an Intermediate is 
portion of the non-magnetic cylinder blank coaxially cou- 
pled to the magnetic cylinder blank; and a step of grinding 
the front portion of the stationary core blank so as to 
remove the chamfer, thereby fomning a flat stationary at- 
traction face, and subjecting inner peripheries of the non- 20 
magnetic cylinder blank and the magnetic cylinder blank 
to a grinding to fomri the annular recess, the center bore 
and the guide bore, the above steps being candied out 
sequentially. 

25 

EFFECT OF THE INVENTION 

[0008] With the first feature of the present invention, 
the outer periphery of the stationary attraction face at the 
front end of the stationary core is flush connected to the 30 
flat portion of the annular recess provided in the inner 
periphery of the non-magnetic cylinder. Therefore, as 
compared with a stationary core having a chamfer pro- 
vided around Its outer periphery at its front end, it is pos- 
sible to set the area of the stationary attraction face at a 35 
large value to the utmost to provide an Increase In attrac- 
tion force. In addition, an annular groove cannot be 
formed between the stationary core and the non-mag- 
netic cylinder, and the annular chamber is defined be- 
tween the movable core and the non-magnetfe cylinder ^^o 
to surround the outer periphery of the rear portion of the 
movable core. Therefore, even if chips and a magnetic 
powder are produced, they can be fluidized and thus, 
can be prevented from being accumulated and deposit- 
ed. 45 
[0009] With the second feature of the present inven- 
tion, an attraction force can be further increased by set- 
ting the outside diameter of the movable attraction face 
at a value substantially equal to that of the stationary 
attraction face. Moreover, the movable core is guided In 5o 
the guide bore in the magnetic cylinder and hence, it is 
possible to provide an enhancement in attraction respon- 
siveness. 

[0010] With the third feature of the present invention, 
when the front portion of the stationary core blank is fitted 5S 
into and fixed in the non-magnetic cylinder blank, an op- 
eration of fitting and fixing the stationary core blank in 
the non-magnetic cylinder blank is easy, because the 



stationary core blank has the chamfer around its outer 
periphery at its front end. Moreover, the stationary attrac- 
tion face, the annular recess, the center bore and the 
guide bore are formed by the grinding of the stationary 
core blank, the non-magnetic cylinder blank and the mag- 
netic cylinder blank, and hence, a dust such as chips 
produced by the fitting and the chamfer can be removed 
by the grinding. 

BRIEF DESCRIPTION OF DRAWINGS 
[0011] 

[Rg.1] is a vertical sectional view of an electromag- 
netic fuel injection valve. (Embodiment 1) 
[Ftg.2] is an enlarged view of an area shown by an 
arrow 2 in Fig.1 . (Embodiment 1) 
[Rg.S] is a sectional view for explaining the grinding 
of a stationary core blank, a non-magnetic cylinder 
blank and a magnetk: cylinder blank. (Embodiment 
1) 

[ng.4] is a sectional view for explaining the grinding 
of a movable core blank and a stopper blank. (Em- 
bodiment 1) 

DESCRIPTION OF REFERENCE NUMERALS AND 
CHARACTERS 

[0012] 

8 — Valve housing 

9 Magnetic cylinder 

9' ^ Magnetic cylinder blank 

1 0 Valve seat member 
1 3 Valve seat 

1 7 Guide bore 

1 8 ••• Movable core 
20 Valve member 
22 ••• Stationary core 

22' Stationary core blank 

26 ••• Non-magnetic cylinder 

26' Non-magnetic cylinder blank 

41 Movable attraction face 

42 — Stationary attraction face 
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44*^ 


Annular recess 


44a 


Flat portion 


45 


Annular chamber 


46-^ 


Center bore 


47 — 


Guide portion 


48*^ 


Chamfer 



BEST MODE FOR CARRYING OUT THE INVENTION 

[001 3] The mode for carrying out the present invention 
will now be described by way of one embodiment of the 
present invention shown in the accompanying drawings. 

EMBODIMENT 1 

[001 4] Figs, 1 to 4show one embodiment of the present 
invention. 

[001 5] Referring first to Fig. 1 , an electromagnetic fuel 
injection valve for injecting fuel into an engine which is 
not shown includes a valve section 5 which comprises a 
valve housing 8 having a valve seat 13 at its front end, 
and a valve member 20 contained in the valve housing 
and spring-biased in a direction to be seated on the valve 
seat 1 3, a solenoid section 6 in which a coil assembly 24 
capable of exhibiting an electromagnetic force for driving 
the valve member 20 in a direction to be unseated from 
the valve seat 1 3 is contained in a solenoid housing 25 
connected to the valve housing 8, and a covering section 
7 made of a synthetic resin which Is integrally provided 
with a coupler 40 faced by connection terminals 38 con- 
nected to a coil 30 of the coil assembly 24 and in which 
at least the coil assembly 24 and the solenoid housing 
25 are embedded. 

[001 6] The valve housing 8 is comprised of a magnetic 
cylinder 9 formed of a magnetic metal, and a valve seat 
member 10 liquid-tightly coupled to a front end of the 
magnetic cylinder 9. The valve seat member 10 is welded 
to the magnetic cylinder 9 in a state in which its rear end 
has been fitted into a front end of the magnetic cylinder 

9. The valve seat member 10 includes a fuel outlet bore 
12 opening into a front end face of the valve seat member 

10, a tapered valve seat 13 connected to an inner end 
of the fuel outlet bore 12, and a guide bore 1 4 connected 
to a larger-diameter portion at a rear end of the valve 
seat 13, all of which are coaxially provided in the valve 
seat member 1 0. An injector plate 1 6 made of a steel 
plate having a plurality of fuel injection bores 15 leading 
to the fuel outlet bore 12 is liquid-tightly welded over the 
entire periphery to a front end of the valve seat member 
10. 

[001 7] A movable core 1 8 fonning a portion of the so- 
lenoid section 6 is slidably received in a rear portion of 
the valve housing 8, and the valve member 20 capable 
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of being seat on the valve seat 13 to close the fuel outlet 
bore 1 2 is integrally fomied at a front end of a valve stem 
19 integrally connected to the movable core 18, so that 
it is guided in the guide bore 14. A through-hole 21 is 
5 coaxially formed in a bottomed configuration with Its front 
end closed in the movable core 18, the valve stem 19 
and the valve member 20 to lead to the inside of the valve 
housing 8. 

[0018] The solenoid section 6 includes the movable 
10 core 18, a cylindrical stationary core 22 opposed to the 
movable core 1 8, a retum spring 23 for exhibiting a spring 
force for biasing the movable core 1 8 away from the sta- 
tionary core 22, the coil assembly 24 disposed to sur- 
round the rear portion of the valve housing 8 and the 
15 stationary core 22, while enabling the exhibition of an 
electromagnetic force for attracting the movable core 1 8 
toward the stationary core 22 again the spring force of 
the retum spring 23, and the solenoidhousing 25 provid- 
ed to surround the coil assembly 24 in such a manner 
20 that a front end of the solenoid housing 25 is connected 
to the valve housing 8. 

[001 9] The magnetic cylinder 9 of the valve housing 8 
is coaxially coupled at its rear end to a front end of the 
stationary core 22 through a non-magnetic cylinder 26 

25 fomied of a material which is non-magnetic or magnetic 
weakly more than the stationary core 22, for example, a 
non-magnetic metal such as a stainless steel in the 
present embodiment. The rear end of the magnetic cyl- 
inder 9 is butt-welded to the front end of the non-magnetic 

30 cylinder26, and the rear end of the non-magnetic cylinder 
26 Is welded to the stationary core 22 in a state In which 
the front end of the stationary core 22 has been fitted into 
the non-magnetic cylinder 26. 

[0020] A cylindrical retainer 27 is coaxially fitted into 

35 and fixed to the stationary core 22 by caulking, and the 
retum spring 23 is interposed between the retainer 27 
and the movable core 1 8. A ring-shaped stopper 28 made 
of a non-magnetic material is press-fitted into an inner 
periphery of a rear end of the movable core 1 8 in such a 

^0 manner that it protrudes slightiy from a rear end face of 
the movable core 18 toward the stationary core 22 in 
order to avoid the direct contact of the movable core 1 8 
with the stationary core 22. The coil assembly 24 com- 
prises the coil 30 wound around a bobbin 29 which sur- 

45 rounds the rear portion of the valve housing 8 , the non- 
magnetic cylinder 26 and the stationary core 22. 
[0021] The solenoid housing 25 comprises a magnetic 
frame 31 which is fomied of a magnetic metal in a cylin- 
drical shape surrounding the coil assembly 24 and has 

50 at one end an annular end wall 31a opposed to an end 
of the coil assembly 24 closer to the valve section 5, and 
a flange 22a overhanging radially outwards from the rear 
end of the stationary core 22 and opposed to an end of 
the coil assembly 24 opposite from the valve section 5. 

55 The flange 22a is magnetically coupled to the other end 
of the magnetic frame 31. Moreover, a fitting cylindrical 
portion 31b is coaxially provided on an inner periphery 
of the end wall 31a of the magnetic frame 31, and the 
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magnetic cylinder 9 of the valve housing 8 is fitted into 
the fitting cylindrical portion 31b. The solenoid housing 
25 is connected to the valve housing 8 by f itting the valve 
housing 8 into the fitting cylindrical portion 31 b. 
[0022] A cylindrical inlet tube 33 is integrally and co- 
axially connected to the rear end of the stationary core 
22, and a fuel filter 34 is mounted in a rear portion of the 
inlet tube 33. Moreover, a fuel passage 35 is coaxially 
provided in the inlet tube 33, the retainer 23 and the sta- 
tionary core 22 to lead to the through-hole 21 in the mov- 
able core 1 8. 

[0023] The covering section 7 is fomied so that not 
only the solenoid housing 25 and the coil assembly 24 
but also a portion of the valve housing 8 and most of the 
inlet tube 33 are embedded in the covering section 7, 
while ensuring that a gap between the solenoid housing 

25 and the coil assembly 24 is filled. The magnetic frame 
31 of the solenoid housing 25 is provided with a notch 
36 for disposing an amn portion 29a integrally formed on 
the bobbin 29 of the coil assembly 24 outside the solenoid 
housing 25. 

[0024] The covering section 7 is Integrally provided 
with the coupler 40 faced by the connection tenninals 38 
connected to opposite ends of the coil 30 of the coil as- 
sembly 24. Base ends of the connection temiinats 38 are 
embedded in the arm portion 29a, and coil ends 30a of 
the coil 30 are welded to the connection terminals 38. 
[0025] Referring to Rg.2, the non-magnetic cylinder 

26 is coaxially coupled at its front end by butt-welding to 
the rear end of the magnetic cylinder 9 of the valve hous- 
ing 8 so as to surround a portion of the movable core 18 
having the rear end face serving as a movable attraction 
face 41 . A front portion of the stationary core 22 having 
a front end face serving as a stationary attraction face 
42 is fitted into and fixed in a rear portion of the non- 
magnetic cylinder 26 in such a manner that the stationary 
attraction face 42 Is oppose to the movable attraction 
face 41. 

[0026] A smaller-diameter fitting portion 22a is coaxi- 
ally provided in the front area of the stationary core 22 
to form an annular step 43 facing forwards around its 
outer periphery, so that the stationary attraction face 42 
is fonned at a front end of the smaller-diameter fitting 
portion 22a. The smaller-diameter fitting portion 22a is 
fitted into the rear portion of the non-magnetic cylinder 
26 until the step 43 abuts against the rear end of the non- 
magnetic cylinder 26, so that the smaller-diameter fitting 
portion 22a is in close contact with an inner surface of 
an intemiedrate portion of the non-magnetic cylinder 26 
in a region corresponding to the stationary attraction face 
42. In this state, the stationary core 22 is fixed to the non- 
magnetic cylinder 26 by welding. 
[0027] Moreover, an annular recess 44 having a flat 
portion 44a flush connected to an outer periphery of the 
stationary attraction face 42 of the stationary core 22 is 
provided intheinnersurface of the non-magnetic cylinder 
26 to form an annular chamber 45 between the annular 
recess 44 and an outer periphery of the rear portion of 



the movable core 1 8. 

[0028] A center bore 46 having an Inside diameter larg- 
er than an outside diameter of the stationary attraction 
face 42 is fomned in an inner periphery of the non-mag- 
5 neticcylinder26 at a location In front of the annular recess 
44, and a guide bore 1 7 having a diameter larger than 
that of the guide bore 1 4 in the valve seat member 1 0 Is 
provided in an inner periphery of the magnetic cylinder 
9, so that it is flush connected to the center bore 46. 
10 [0029] On the other hand, the movable attraction face 
41 having a diameter substantially equal to that of the 
stationary attraction face 42 is formed on the rear end 
face of the movable core 1 8, but a guide portion 47 is 
integrally provided on the movable core 18 to overhang 
15 sideways from the outer periphery of the movable attrac- 
tion face 41 , so that it is siidably fitted in the guide bore 1 7. 
[0030] Referring to Fig.3, to couple the stationary core 
22 to the rear portion of the valve housing 8 through the 
non-magnetic cylinder 26, at first, a cylindrical magnetic 
cylinder blank 9' a ring-shaped non-magnetic cylinder 
blank 26' and a stationary core blank 22' having shapes 
shown by dashed lines in Fig.3, are prepared in order to 
fomri the magnetic cylinder 9, the non-magnetic cylinder 
26 and the stationary core 22. 

[0031] The non-magnetic cylinder blank 26* Is formed 
into a cylindrical shape having an inner periphery in- 
creased in diameter at three stages in a rearward direc- 
tion, and the magnetic cylinder blank 9' is formed into a 
cylindrical shape having an inside diameter con^espond- 
ing to an inside diameter of a front end of the non-mag- 
netic cylinder blank26*. Further, the stationary core blank 
22* Is fomned to previously have a front portion of a small- 
er-dlametertube portion 22a' corresponding to the small- 
er-diameter fitting portion 22a of the stationary core 22, 
and an annular step 43 surrounding a base end of the 
smaller-diameter tube portion 22a*. The length of protru- 
sion of the smaller-diameter tube portion 22a' from the 
step 43 is set at a value larger than the length of protrusion 
of the smaller-diameter fitting portion 22a from the step 
43. Moreover, a tapered chamfer 48 is provided around 
an outer periphery of a front end of the smaller-diameter 
tube portion 22a'. 

[0032] Then, the smaller-diameter tube portion 22a' is 
fitted into the non-magnetic cylinder blank 26', so that 
the outer periphery of the front area of the smailer-diam- 
eter tube portion 22a' is in close contact with the inner 
surface of the intermediate portion of the non-magnetic 
cylinder blank 26' already coaxially coupled to the mag- 
netic cylinder blank 9', and in a state in which the rear 
end of the non-magnetic cylinder blank 26' is in abutment 
against the step 43, the stationary core blank 22' is fixed 
to the non-magnetic cylinder blank 26' by welding. 
[0033] In this case, the operation of fitting the front por- 
tion of the stationary core blank 22', I.e., the smaller-di- 
ameter tube portion 22a' into the non-magnetic cylinder 
blank 26' is easy, because the chamfer 48 is provided 
around the outer periphery of the front end of the smaller- 
diameter tube portion 22a' at the front portion of the sta- 
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tionary core blank 22', and the non-magnetic cylinder 
blank 26' is formed into the cylindrical shape having the 
inner periphery increased in diameter at the three stages 
in the rearward direction. 

[0034] After the coupling of the stationary core blank s 
22', the non-magnetic cylinder blank 26' and the mag- 
netic cylinder blank 9' as described above, the front por- 
tion of the smaller-diameter tube portion 22a' of the sta- 
tionary core blank 22' is ground to remove the chamfer 
48, whereby a flat stationary attraction face 42 is f omied, 
and the inner peripheries of the non-magnetic cylinder 
blank26' andthemagneticcylinderblankS' are subjected 
to a grinding treatment, whereby an annular recess 44, 
a center bore 46 and a guide bore 14 are formed. 
[0035] Referring again to Rg. 2, the recess 50 having is 
the annular step 49 facing rearwards at its inner end is 
provided in the inner periphery of the rear portion of the 
movable core 18, and the ring-shaped stopper 28 is 
press-fitted into the recess 50 in such a manner that its 
front end abuts against the step 49. A flat abutment face 20 
51 is disposed at a location displaced from the flat mov- 
able attraction face 41 formed at the rear end of the mov- 
able core 1 8 toward the stationary attraction face 42, and 
is formed to be able to abut agalnstthe stationary attrac- 
tion face 42 at the rear end of the stopper 28. A slant 52 25 
is formed in a tapered shape or an arcuate shape on the 
inner periphery of the rear end of the movable core 18 
and the outer periphery of the rear end of the stopper 28 
to connect continuously and smoothly the movable at- 
traction face 41 and the abutment face 51 to each other, so 
[0036] Referring to Fig. 4, to couple the stopper 28 to 
the movable core 1 8, at first, a cylindrical movable core 
blank 18' and a ring-shaped stopper blank 28' having 
shapes shown by dashed lines in Fig.4 are prepared in 
order to form the movable core 18 and the stopper 28, 35 
respectively. 

[0037] The movable core blank 1 8' is formed into a 
cylindrical shape extending longer rearwards than the 
movable core 18 to be formed. Provided in an inner pe- 
riphery of a rear portion of the movable core blank 18' 
are a smaller-diameter bore 50' corresponding to the re- 
cess 50 in the movable core 1 8 to form an annular step 
49 at an inner end, and a larger-diameter bore 53 which 
is formed at a diameter larger than that of the smaller- 
diameter bore 50' and which is coaxially connected to a 
rear end of the smaller-diameter bore 50' and opens into 
a rear end of the movable core blank 18', so that the 
smaller-diameter bore 50' is longer than the recess 50. 
A tapered step 54 Is fonned between the smaller-diam- 
eter bore 50' and the larger-diameter bore 63. On the so 
other hand, the stopper blank 28' is also axially longer 
than the stopper 28 to be fonned, and a tapered chamfer 
55 is provided around an outer periphery of a front end 
of the stopper blank 28'. 

[0038] Then, the front end of the stopperblank 28' is 55 
press-fitted into the smaller-diameter bore 50' in the rear 
portion of the movable core blank 1 8' , until the front end 
of the stopper blank 28' abuts against the step 49. In this 
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case, an operation of press-fitting the stopper blank 28' 
into the smaller-diameter bore 50' in the rear portion of 
the movable core blank 1 8' is easy, because the rear end 
of the smaller-diameter bore 50' is connected to the larg- 
er-diameter bore 53 opening into the rearend of the mov- 
able core blank 1 8' through the tapered step 49, and the 
chamfer 55 Is provided around the outer periphery of the 
front end of the stopper blank 28'. 
[0039] After press-fitting of the stopper blank 28' into 
the rear portion of the movable core blank 18', the rear 
ends of the stopper blank28' and the movable core blank 
18' are ground, whereby a movable attraction face 41, 
an abutment face 51 and a slant 52 are formed. In addi- 
tion, the rear portion of the stopper blank 28' and the rear 
portion of the movable core blank 1 8' are cut off, and the 
recess 50 is formed by a portion of the smaller-diameter 
bore 50'. 

[0040] Next, the operation of this embodiment will be 
described below. The front portion of the stationary core 
22 is fitted and fixed in the non-magnetic cylinder 26 in 
such a manner that It is in close contact with the inner 
surface of the intemiediate portion of the non-magnetic 
cylinder 26 In the region con^esponding to the stationary 
attraction face 42, and the annular recess 44 having the 
flat portion 44a flush connected to the stationary attrac- 
tion face 42 is provided in the inner surface of the non- 
magnetic cylinder 26, so that the annular chamber 45 is 
defined between the annular recess 44 and the outer 
periphery of the rear portion of the movable core 18. 
Therefore, as compared with a stationary core having a 
chamfer provided around its outer periphery at its front 
end, it is possible to set the area of the stationary attrac- 
tion face 42 at a large value to the utmost to provide an 
increase In attraction force. In addition, an annular groove 
cannot be fonmed between the stationary core 22 and 
the non-magnetic cylinder 26, and the annular chamber 
45 is defined between the movable core 1 8 and the non- 
magnetic cylinder 26 to surround the outer periphery of 
the rear portion of the movable core 18. Therefore, even 
if chips and a magnetic powder are produced, they can 
be fluidized and thus, can be prevented from being ac- 
cumulated and deposited. 

[0041] In addition, the center bore 46 having the inside 
diameter larger than the outside diameter of the station- 
ary attraction face 42 is formed in the inner periphery of 
the non-magnetic cylinder 26 at the location in front of 
the annular recess 44; the guide bore 17 is provided in 
the inner periphery of the magnetic cylinder 9, so that it 
is flush connected to the center bore 46; and the movable 
core 18 provided at its rear end face with the movable 
attraction face 41 having the outside diameter substan- 
tially equal to the that of the stationary attraction face 42 
has the guide portion 47 integrally provided thereon to 
overhang sideways of the outer periphery of the movable 
attraction face 41 , so that the guide portion 47 is slidably 
fitted Into the guide bore 1 7. Therefore, the attraction 
force can be further increased by setting the outside di- 
ameter of the movable attraction face 41 at the value 
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substantially equal to the outside diameter of the station- 
ary attraction face 42, and moreover, an enhancement 
in attraction responsiveness can be provided in such a 
manner that the movable core 18 Is guided in the guide 
bore 1 7 In the magnetic cylinder 9. 5 
[0042] To couple the stationary core 22 to the rear por- 
tion of the valve housing 8 through the non-magnetic cyl- 
inder 26, the following steps are carried out sequentially: 
a step of preparing the cylindrical magnetic cylinder blank 
9' and the non- magnetic cylinder blank 26' for forming 
the magnetic cylinder 9 and the non-magnetic cylinder 
26, respectively, as well as the stationary core blank 22' 
having the chamfer 48 around its outer periphery at its 
front end for fonning the stationary core 22, a step of 
fixing the stationary core blank 22' to the non- magnetic is 
cylinder blank 26' in a state in which the front end of the 
stationary core blank 22' has been fitted to come into 
close contact with the inner surface of the intennediate 
portion of the non-magnetic cylinder blank 26' coaxially 
coupled to the magnetic cylinder blank 9' , and a step of 20 
grinding the front portion of the stationary core blank 22' 
so as to remove the channfer 48 . thereby fonning the flat 
stationary attraction face 42, and subjecting the innerpe- 
ripheries of the non-magnetic cylinder blank 26' and the 
magnetic cylinder blank 9' to the grinding to fomi the an- 25 
nular recess 44, the center bore 46 and the guide bore 1 4. 
[0043] Therefore, when the front portion of the station- 
ary core blank 22' is fitted and fixed in the non-magnetic 
cylinder blank 26', the fitting and fixing operation is easy, 
because the stationary core blank 22' has the chamfer so 
48 around the outer periphery at its front end. Moreover, 
the stationary attraction face 42, the annular recess 44, 
the center bore 46 and the guide bore 17 are formed by 
the grinding of the stationary core blank 22', the non- 
magnetic cylinder blank 26' and the magnetic cylinder 35 
blank 9' and hence, a dust such as chips produced by 
the fitting and the chamfer 48 can be removed by the 
grinding. 

[0044] In addition, the ring-shaped stopper 28 made 
of amaterial non-magnetic orweakly magnetic more than ^0 
the movable core 1 8 is press-fitted into the inner periph- 
ery of the rear portion of the movable core 1 8. The flat 
abutment face 51 is disposed at the location displaced 
from the flat movable attraction face 41 formed at the 
rear end of the movable core 1 8 toward the stationary 4S 
attraction face 42 of the stationary core 22, and is fomned 
at the rear end of the stopper 28 to be able to abut against 
the stationary attraction face 42. The slant 52 is fornied 
on the inner periphery of the rear end of the movable 
core 1 8 and the outer periphery of the rear end of the so 
stopper 28 to continuously and smoothly connect the 
movable attraction face 42 and the abutment face 51 to 
each other. 

[0045] Therefore, when the movable core 1 8 has been 
attracted to the stationary core 22, the stopper 28 is put 55 
into abutment against the stationary attraction face 42. 
Thus, a suitable air gap can be retained between the 
stationary and movable attraction faces 41 and 42, and 



the stopper 28 is press-fitted in the inner periphery of the 
rear portion of the movable core 18 and hence, it is pos- 
sible to decrease the number of parts and the number of 
assembling steps to provide a reduction in cost, 
[0046] Moreover, by setting the area of the abutment 
face 51 at a small value to the utmost to reduce the area 
of contact of the abutment face 51 with the stationary 
attraction face 42, it Is possible to suppress the adher- 
ence of the abutment face 51 to the stationary attraction 
face 42 and to suppress the wear of the abutment face 
51 due to the contact to enhance the durability. 
[0047] Fonmed on the inner periphery of the rear end 
of the movable core 18 and the outer periphery of the 
rear end of the stopper 28 is the slant 52 which continu- 
ously and smoothly connects the fiat movable attraction 
face 41 and the flat abutment face 51 disposed at the 
location displaced from the movable attraction face 41 
toward the stationary core 22. Therefore, an annular 
groove cannot be formed between the outer periphery of 
the stopper 28 and the inner periphery of the rear end of 
the movable core 18 and hence, it is possible to prevent 
the entrance and deposition of chips or a magnetic power, 
thereby preventing the generation of an adverse influ- 
ence to the operation of the fuel injection valve due to 
the chips or the magnetic power. 
[0048] Further, It is possible to substantially Increase 
the area of application of an electromagnetic attraction 
force to the movable core 1 8 by a portion of the slant 52 
continuously and smoothly connecting the flat movable 
attraction face 42 and the flat abutment face 51 to each 
other, thereby ensuring a sufficient attraction force and 
a responsiveness despite the reduction In size of the elec- 
tromagnetic fuel injection valve. 
[0049] In addition, tocouplethestopper28tothemov- 
able core 1 8, the following steps are carried out sequen- 
tially: the step of preparing the cylindrical movable core 
blank 1 8' and the ring-shaped stopper blank 28' for fomi- 
ingthe movable core 18andthestopper 28, respectively, 
the step of press-fitting the front portion of the stopper 
blank 28' into the movable core blank 1 8' to fix the stopper 
blank 28' in to the movable core blank 1 8' , and the step 
of grinding the rear portions of the stopper blank 28' and 
the movable core blank 1 8' to fomi the movable attraction 
face41 . theabutmentface51 and the slant 52, Therefore, 
the dust such as the chips produced by the press-fitting 
can be removed by the grinding. 
[0050] Although the embodiment of the present inven- 
tion has been described, it will be understood that the 
present invention Is not limited to the above-described 
embodiment, and various modifications in design may 
be made without departing from the scope of the present 
invention defined In claims. 



Claims 

1. (amended) An electromagnetic fuel injection valve, 
in which a valve member (20) is contained in a valve 
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housing (8) comprising a magnetic cylinder (9) co- 
axially coupled at a front end thereof to a valve seat 
member (10) having a vaJve seat (13), said valve 
member (20) being spring-biased in a direction in 
which said valve member (20) is seatedon saidvalve s 
seat (13); anon-magnetic cylinder (26) serving as a 
member different from said magnetic cylinder (9) is 
coaxlally coupled at a front end thereof to a rear end 
of the magnetic cylinder (9) to surround a portion of 
a movable core (1 8) which is coaxiaily connected to io 
said valve member (20) with a rear end face thereof 
serving as a movable attraction face (41 ); and a front 
portion of a stationary core (22) having a front end 
face serving as a stationary attraction face (42) is 
fitted into and fixed In a rear portion of said non- is 
magnetic cylinder (26), so that said stationary attrac- 
tion face (42) is opposed to said movable attraction 
face (41). characterized in that the front portion of 
said stationary core (22) is fitted and fixed in said 
non-magnetic cylinder (26) so as to be in close con- 20 
tact with an Inner surface of an intermediate portion 
of said non-magnetic cylinder (26) in a region corre- 
sponding to said stationary attraction face (42), and 
in the inner peripheral surface of said non-magnetic 
cylinder (26), an annular recess (44) having a flat 2s 
portion (44a) flush connected to said stationary at- 
traction face (42) is provided to form an annular 
chamber (45) between said annular recess (44) and 
an outer periphery of the rear portion of said movable 
core (1 8), and in the inner peripheral surface of said 30 
non-magnetic cylinder (26), a center bore (46) hav- 
ing an inside diameter larger than an outside diam- 
eter of said stationary attraction face (42) is further 
provided at a location in front of said annular recess 
(44), a guide bore (17) is provided in an inner pe- 35 
riphery of said magnetic cylinder (9) and flush con- 
nected to said center bore (46) of the non-magnetic 
cylinder (26), and said annular chamber (45) is 
fonned by continuously connecting said flat portion 
(44a) of said annular recess (44) and said center 
bore (46) and guide bore ( 1 7) by means of an Inclined 
surface. 

(amended) An electromagnetic fuel injection valve 
according to claim 1 , wherein a guide portion (47) is ^5 
integrally provided on said movable core (1 8) having 
at a rear end face thereof said movable attraction 
face (41) having an outside diameter substantially 
equal to that of said stationary attraction face (42) to 
overhang sideways from the outer periphery of said- so 
movable attraction face (41 ), so that said guide por- 
tion (47) is slidably fitted in said guide bore (1 7). 

A process for producing an electromagnetic fuel in- 
jection valve according to claim 1 , comprising a step ss 
of preparing a cylindrical magnetic cylinder blank (9') 
and a non-magnetic cylinder blank (26') for fonning 
said magnetic cylinder (9) and said non-magnetic 



cylinder (26), respectively, as well as a stationary 
core blank (22') having a chamfer (48) around the 
outer periphery at a front end thereof for fonning said 
stationary core (22); a step of fixing said stationary 
core blank (22') to said non-magnetic cylinder blank 
(26*) in a state in which a front portion of said sta- 
tionary core blank (22*) has been fitted so as to be 
in close contact with an inner surface of an interme- 
diate portion of said non-magnetic cylinder blank 
(26*) coaxiaily coupled to said magnetic cylinder 
blank (9'); and a step of grinding the front portion of 
said stationary core blank (22') so as to remove said 
chamfer (48), thereby forming a flat stationary attrac- 
tion face (42), and subjecting inner peripheries of 
said non-magnetic cylinderblank (26') and said mag- 
netic cylinder blank (9') to a grinding to fomri said 
annular recess (44), said center bore (46) and said 
guide bore (14). the above steps being carried out 
sequentially. 
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